The ability of two cyanide-resistant tissues-aged potato slices and fresh preclimacteric banana slices-to take up chloride in the presence of cyanide has been established. Extensive inhibition of chloride uptake by cyanide and chlorbenzhydroxamate together indicates that chloride absorption in the presence of cyanide is supported by respiration mediated by the alternative path. The partial inhibition of respiration-dependent chloride uptake by chlorbenzhydroxamate alone is independent of its effect on the alternative oxidase, and points to inhibition of the transport process per se.
Fresh potato slices as well as slices of many types of tuberous storage organs (beetroot, carrot, Jerusalem artichoke) absorb salt poorly but develop the capacity for vigorous salt uptake with aging (7) . The development of salt absorptive capacity in potato accompanies the development ofthe wound-induced, CN-resistant respiration (7) . Salt transport in aged slices is abolished by uncouplers, suggesting its dependence on oxidative phosphorylation (13) . The presence of a CN-resistant electron transport path in plant tissues (17) raises the question of whether CN-resistant respiration is capable of sustaining active salt uptake. Although the alternative path per se is not coupled to phosphorylation (1) , overall electron transport mediated by the CN-resistant path includes one phosphorylation site in the electron transport chain (17) .
Cyanide has been shown to elicit a respiratory climax in a variety of fruits and bulky storage organs with the maintenance or even increase in ATP levels (17, 18) . Accordingly, here we examine the ability of CN-resistant tissue to perform an endergonic physiological function, viz. the absorption of chloride, in the presence of either CN or antimycin-inhibitors of the Cyt path. Classically, implementation of ion uptake has been imputed exclusively to the operation of the Cyt system (23 When cyanide was used, KCN was added directly to the experimental solution and the pH adjusted to 5.5 with 0.4 N H2SO4. Six-tenths ml of a suitable mixture of Ca(CN)2-Ca(OH)2 (11) was added to the center-well instead of 107o NaOH. When CCCP4 was used the external solution was 10 mm K-phosphate (pH 7.3) in 0.1 mM CaSO4. Chloride uptake as well as response to CN and CLAM was essentially the same at pH 7.3 as at pH 5.5. Respiratory rates were measured through 2 h. Stock solutions of CCCP and antimycin A were made in absolute ethanol, and diluted 1,000 times to live the final experimental concentration.
Cl Uptake. Fourteen slices were preincubated for 1 h in the appropriate solution to ensure penetration of respiratory inhibitors where used. 36C1 uptake was followed by placing pretreated slices into 125-ml Erlenmeyer flasks containing 10 ml of 10 mm KCI labeled with 50 nCi/ml 36C1 in 0.1 mm CaSO4 with respiratory inhibitor as indicated. The flasks were shaken in a temperaturecontrolled water bath at 25 C.
At the end of a 2-h absorption period the slices were washed for 30 min at room temperature with distilled H20 to remove freespace salt. Washed slices were surface-dried by light blotting, then placed on a 3-cm planchet and gently dried on a hot-plate. The dried slices were added directly to a glass vial followed by the addition of 15 ml of toluene containing 4 g PPO and 0.05 g POPOP/liter. Radioactivity was determined with a Beckman scintillation counter model LS-100-C. Duplicate samples were counted for 20 min.
Biochemicals. CCCP and antimycin A were obtained from Sigma. CLAM was synthesized as previously described (19) . 36C1 was supplied by New England Nuclear as 2.57 N HCI with a specific radioactivity 4.4 mCi/g Cl. This stock was diluted to a suitable activity with 0.1 mM CaSO4 solution, and the pH adjusted (Table I) , but the CN-resistant moiety is resistant to hydroxamic acids as well (14) , and constitutes the so-called residual respiration, distinct from the CN-resistant alternative path (19) . By contrast, aged slice respiration is markedly CN-resistant, and the bulk of the CN-resistant respiration succumbs to hydroxamic acids in the presence of CN, leaving a slightly elevated residual respiration (Table II) . The question is whether respiratory electron transport by way of the alternative path can sustain ion uptake (viz. chloride uptake) and Table II indicates it can. Thus the uptake of idCl by aged potato slices is only modestly diminished by CN, but essentially obliterated by CN and CLAM together. Total inhibition by uncoupler verifies that chloride uptake in aged slices is metabolically implemented, and seemingly dependent on oxidative phosphorylation ( [13] ; however, see below). In aged potato slices the alternative path contributes to respiratory 02 utilization only when the Cyt path is blocked or restricted (ie. p = 0, see [19] ). The respiratory data of Table II affirm this contention, whereas the inhibition of chloride uptake by CLAM alone is unexpected. As shown below, the foregoing effect of CLAM is independent of its effect on the alternative path.
Although but a small fraction of the energy released in respiration is theoretically enough to sustain salt transport and accumulation, salt uptake nevertheless tends to be proportional to respiration (8) . It might be expected that uptake would correlate with oxidative phosphorylation, and that respiration in the presence of CN would support no more than one-third the rate of ion uptake in its absence, since CN-resistant electron transport linked to the tricarboxylic acid cycle entails but one site of phosphorylation, instead of the usual three associated with the full Cyt path (17) . It is surprising that chloride absorption is diminished by only 15 to 30o in the presence of cyanide (Tables II and III) . The answer to the ostensible paradox may lie in the observation that ATP levels do not drop as anticipated in the course of alternative path-mediated respiration. This is true both in CN-treated climacteric fruit (18) and in the poky mutant of Neurospora crassa wherein the Cyt path is markedly diminished and the CN-resistant path enriched (6, 16) . Both the ATP level and the membrane potential are depressed by uncoupler in poky as well as in the wild-type, although the effect is more dramatic and persistent in poky (16) . In noting that respiratory inhibitors often impair ion fluxes with little change in ATP levels, Liittge and Pitman (8) suggest that transport, by whatever means, may be influenced by respiratory electron flow per se. Where CN stimulates the respiration rate, as in ripening fruit (17, 18 ), a sustained high ATP level is comprehensible. Where there is little or no stimulation by CN (Tables II and III) we must fall back on the suggestion made by Luttge and Pitman (8) .
The alternative path is absent or disorganized in fresh potato slices (19, 20) . Accordingly, metabolically implemented chloride uptake, however modest, is inhibited by CN (Table I) . Ion uptake in fresh slices is but a fraction of that in aged, absorption capacity developing with aging (7). Furthermore, almost half the chloride taken up by fresh slices is absorbed passively-i.e. in the presence of uncoupler (Table I, cf. Table III) . Nevertheless, fresh potato slices permit an evaluation of the effect of CLAM on chloride uptake in a tissue without alternative path activity, and it is evident from Table I that CLAM significantly inhibits chloride uptake in the absence of CN while failing to affect respiration. The residual respiration, i.e. the respiration that resists CN and CLAM together, corresponds to the so-called ground respiration of long-washed carrot slices (12) and low-salt barley roots (9) described in early studies that demonstrated the ground respiration to be uninvolved in salt uptake. The fact that uptake in the presence of uncoupler is the same as that in the presence of CN plus CLAM (Table III) further gainsays any role of the residual respiration in chloride absorption.
The anomalous effect of CLAM can be further characterized in aged potato slices where chloride absorption is much greater, and CLAM alone fails to influence respiration in spite of the presence of the alternative path, because respiratory electron transport is limited to the Cyt path (19) . Table II indicates a significant inhibition of chloride uptake by CLAM with no effect on reiration. Figure IA shows that levels of CLAM that inhibit C1 uptake as much as 70%Yo are without inhibitory effect on respiration. A Dixon plot (3) of the data of Figure IA yields a Ki of 870 ltM, a value 3.5 times the Ki for inhibition of the alternative path by CLAM ( Fig. 1B; see [21] (20) . Figure 2 emphasizes the resistance of banana slice respiration to CLAM alone (i.e. where there is no contribution by the alternative path in the absence of CN; see [22] ) in contrast to the susceptibility of chloride uptake. Once again Dixon plots show the K1 for absorption inhibition to be very much greater than for inhibition of the alternative path.
Although the evidence suggests that the alternative path seldom contributes to the respiration under normal conditions (19, 21, 22) (2) , a process which is affected by inhibition of the Cyt path. Experiments reported herein make a convincing case for the effectuation of chloride uptake by respiration implemented by the alternative path.
